A full-term neonate with a history of umbilical venous catheterization followed by coagulase-negative staphylococcal sepsis is presented. The infant developed a solitary hepatic abscess with saprophytic organisms. Her liver abscess resulted in acute glomerulonephritis characterized by hypertension, proteinuria, oliguria, and azotemia. Surgical drainage and antibiotic treatment of the abscess was associated with resolution of the glomerulonephritis. Glomerulonephritis due to solitary liver abscess in a neonate has not been reported previously. Acute onset of glomerulonephritis should prompt a search for occult sources of infection.
ventilation. Umbilical artery and umbilical venous catheters were placed without difficulty, blood cultures were drawn, and ampicillin and cefotaxime were started. The baby was then transported to the tertiary care neonatal intensive care unit with a diagnosis of meconium aspiration syndrome and possible persistent pulmonary hypertension.
After admission to the neonatal intensive care unit, the baby was continued on conventional mechanical ventilation and treated with two doses of exogenous surfactant. Her umbilical venous catheter was noted to be in low position on x-ray and was replaced. X-ray confirmed placement of the umbilical venous catheter in the inferior vena cava. Her chest x-ray was consistent with meconium aspiration syndrome. Dopamine was started at 10 g/kg per minute for blood pressure support. Echocardiogram confirmed pulmonary hypertension with right-to-left shunting at the ductus arteriosus. No thrombi were noted. On day 5 of life, the infant's respiratory distress had resolved and she was extubated and placed in supplemental hood oxygen. Blood cultures remained negative, and antibiotic therapy was discontinued. The baby remained on fluids at 80 ml/kg per day due to late diuresis, persistent peripheral edema, and ongoing tachypnea. Diuresis began on day 6 and continued for 24 hours. Blood-ureanitrogen and creatinine at that time were 13 mg/dl and 0.4 mg/dl, respectively.
At 8 days of age, the infant developed a fever of 101.8°F. Platelet count declined from 197,000 to 40,000. A complete sepsis evaluation, herpes cultures, and liver function tests were done; ampicillin, gentamicin, and acyclovir were started. A sterile catheter urine specimen showed presence of blood. Alanine aminotransferase was 53 U/liter. Blood cultures returned positive with coagulase-negative Staphylococcus identified as Staphylococcus epidermidis at 13 hours. The organism was sensitive to vancomycin and clindamycin. On day of life 9, a repeat culture was obtained, umbilical artery catheter and umbilical venous catheter were discontinued, and antibiotic therapy was changed to vancomycin and cefotaxime due to ongoing fever. The second culture returned positive for S. epidermidis at 3.5 days. The antibiotic sensitivity profile was identical with the organism from the first blood culture. The baby was afebrile within 48 hours of beginning vancomycin therapy. Spinal fluid, urine, and herpes cultures remained negative.
On day 11 of life, the baby remained tachypneic, with respiratory rates of 90 to 110. Persistent mild peripheral edema worsened. She had onset of intermittent hypertension with a mean arterial pressure of Ͼ80 mm Hg. At that time, hepatomegaly was noted with the liver
palpable 5 cm below the right costal margin. Repeat liver function studies showed alanine aminotransferase elevated to 398 U/liter. Platelets remained at 52,000. Follow-up echocardiogram showed no evidence of thrombi or vegetations. The baby had a decline in urine output responsive to furosemide. The baby otherwise remained afebrile with ongoing intermittent periods of hypertension. Liver ultrasound revealed a 7-cm diameter lobular hypoechoic mass in the liver. Her ␣-fetoprotein level was 3040 ng/ml. A tentative diagnosis of hepatoblastoma versus angioendothelioma was considered. On day 16, the infant had a sudden decline in urine output unresponsive to furosemide. Laboratory evaluation revealed serum sodium of 120 mM, down from 132 mM, an alanine aminotransferase level of 39 U/liter, and serum albumin of 1.7 gm/dl. Platelets were 70,000. Urinalysis showed presence of large blood and 4ϩ protein with 223 mg/dl of protein. Microscopic examination of the urine revealed 5 to 10 granular casts/low power field. Urine cultures remained negative. Creatinine was 0.5 mg/dl, with blood-urea-nitrogen at 54 mg/dl. Serum albumin was 1.7 gm/dl, and triglycerides were 86 mg/dl. Total bilirubin was at 0.8 mg/dl, down from a peak level of 2.7 mg/dl at day 2 of life. The conjugated bilirubin fraction was Ͻ0.1 mg/dl. Over a 4-day period, the urine output gradually improved with fluid boluses and furosemide. A magnetic resonance imaging scan was done to further define the hepatic mass. The magnetic resonance image scan showed a mass lesion 7.5 cm ϫ 4.5 cm ϫ 2 cm with multiple areas consistent with proteinaceous fluid or hemorrhage. The mass splayed the middle and left hepatic veins and distended the left lobe of the liver (Figure 1 ). The magnetic resonance imaging findings were felt to be consistent with either hepatoblastoma or abscess. A percutaneous liver biopsy was performed under ultrasound guidance with proteinaceous material obtained. Pathology examination showed necrotic debris and inflammatory cells with no intact tumor cells. No fungal elements were found. Culture of the fluid had a light growth of 40% Micrococcus, 59% S. epidermidis, and 1% Staphylococcus aureus. The baby was continued on vancomycin and cefotaxime. Due to a nondiagnostic biopsy, surgical exploration was undertaken at 24 days of age. At surgery, a large, whitish, domed lesion was found. The mass was fluctuant. A total of 10 ml of purulent fluid was aspirated and sent for culture. The mass was then unroofed and aspirated for ϳ100 ml of purulent fluid. Frozen section of the covering tissue showed no evidence of tumor. The right lobe of the liver was unaffected. Culture again returned with Micrococcus and S. epidermidis. The sensitivity patterns for both organisms were identical with those from the percutaneous biopsy, and the sensitivities from the S. epidermidis were also identical with the initial blood cultures drawn at 8 days of age. Before surgery, the baby developed persistent hypertension and was started on hydralazine. This was changed to captopril and methyldopa at 27 days of age. A C3 level was done and returned low at 33 mg/dl. Her immunoglobulin (Ig) profile showed IgG at 457 mg/dl and IgA at 7 mg/dl, both within normal range. IgM was slightly elevated at 114 mg/dl. The combination of hypertension, proteinuria, and hematuria with normal renal function was felt to be consistent with glomerulonephritis.
The baby recovered well postoperatively, with resolution of her oliguria, peripheral edema, and tachypnea. Platelets rebounded to 437,000. Renal ultrasound performed 2 days postoperatively showed slightly increased echogenicity consistent with medical renal disease or glomerulonephritis. Renal blood flow was normal. The baby remained hospitalized and on vancomycin for 3 weeks postoperatively. Follow-up ultrasound before discharge showed resolution of the hepatic abscess and normal renal evaluation. Urine was negative for blood and protein. Urine microscopic examination was unremarkable with no casts noted. The baby was discharged from the hospital with a Broviac catheter in place for an additional 2 weeks of vancomycin therapy. She remained on captopril and methyldopa for blood pressure control. She was readmitted to the hospital 2 weeks after discharge with purulent drainage around the Broviac site. Blood cultures were drawn, and the Broviac catheter was removed. Blood cultures were negative, with the catheter tip culture positive for S. epidermidis sensitive to vancomycin and resistant to clindamycin. The baby had no further problems after Broviac removal.
On follow-up at 6 months of age, the baby's hypertension had resolved and weaning of antihypertensive medications was initiated. Renal ultrasound was interpreted as normal. At 10 months of age, the baby was normotensive. Blood-urea-nitrogen and creatinine values were normal at 9 mg/dl and 0.3 mg/dl, respectively. A repeat C3 level was 124 mg/dl.
DISCUSSION
The first review of solitary liver abscess appeared in 1936 when Kutsunai described two infants with fatal peritonitis with solitary liver ab- scess at necropsy. 2 Since that first report, Ͻ50 cases of solitary liver abscess in neonates have appeared in the literature.
Anatomically, liver abscess can be classified into two types, multiple or solitary. The former is more common and is characterized by an acute onset, typically with generalized sepsis and involvement of other organ systems. In contrast, solitary hepatic abscess is a localized infection with a more indolent course and relative lack of systemic symptoms. 3 Bacteria may reach the liver by several routes, but in the vast majority of patients, umbilical vein catheterization is the usual antecedent event. In addition, infants may have necrotizing enterocolitis or generalized sepsis as the precipitating event in the development of solitary hepatic abscess. 4, 5 Typically, however, the abscess results from hematogenous spread, with the first evidence of hepatic abscess not evident until 2 to 3 weeks after the initial event.
Treatment of solitary hepatic abscess in the neonate is controversial. Traditionally, treatment consists of surgical drainage in conjunction with antibiotics. Several authors have also reported successful treatment of solitary hepatic abscesses with percutaneous drainage combined with antibiotic therapy. Although empirical antibiotic therapy based on retrospective data has been used in some cases, the risk of dissemination of infection in neonates warrants aspiration and drainage for organism identification. 6 -8 The superiority of one form of drainage over another is unclear. The appropriate duration of treatment is also unknown, but should be based on clinical response and ultrasound resolution of the abscess cavity. A minimum of 2 weeks of parenteral antibiotic therapy after drainage is recommended.
Although this infant's initial course (umbilical vein catheterization followed by sepsis) is typical of most solitary liver abscesses, she exhibited unique findings. The growth of relatively nonpathogenic saprophytic organisms is unusual in solitary liver abscess. Although it is true that multiple organisms have been isolated from solitary hepatic abscess in the neonate, recent reviews implicate Gram-negative enteric rods in 75%, with S. aureus and various streptococcal species comprising the rest. Polymicrobial infection is found in up to 50% of infants. 5, 9 Second, this infant presented with a clinical picture of glomerulonephritis, with the typical findings of oliguria, edema, proteinuria, azotemia, and hypertension. These findings, along with low C3 levels and resolution of the glomerulonephritis after drainage and treatment of the abscess, are suggestive of immune-mediated glomerulonephritis, also known as "shunt nephritis." Shunt nephritis was first reported 30 years ago in patients with ventriculo-atrial shunts for hydrocephalus. Similar findings have been seen in chronically infected patients or in those with infected dialysis shunts. In classic shunt nephritis, low-virulence organisms, particularly coagulasenegative staphylococci, are most common. The glomerulonephritis is believed to be an immune complex disease, with a microscopic picture of proliferative glomerulonephritis. Historically, 50% of patients with shunt nephritis will have resolution of the disease with removal of the infection source and treatment of the infection. 10, 11 Coagulase-negative staphylococcal infections are one of the most common nosocomial infections in neonatal intensive care units. These infections are usually easily treated, especially after removal of indwelling lines and other foreign bodies, and have few sequelae associated with them. This infant demonstrated an unusual complication of coagulase-negative Staphylococcus infection consisting of a solitary liver abscess with an associated glomerulonephritis. Resolution of azotemia, proteinuria, and hematuria after treatment of the hepatic abscess supports the theory that this infant had glomerulonephritis directly related to the presence of the infection. Signs and symptoms of immune-mediated glomerulonephritis after a sepsis episode in a neonate, even with an organism of relatively low virulence, should prompt a search for occult sources of ongoing infection.
